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Abstract 
Determination of total arsenic was strongly influenced by the properties of the spesies. In a sample of tuna fish, the total arsenic 
concentration (90-95%) mostly comes from organic arsenic species, arsenobetain (AB). AB in particular, was not decomposed to 
arsenate which can lead to a serious error in quantification when a hydride generator step is additionally used in the analysis 
scheme. This research was done to compare three different types of sample preparations, namely dry ashing, water extraction, 
and microwave digestion, for measuring the total arsenic using HG-QF-AAS, GF-AAS and ICP-MS measurements. HG-QF-
AAS and ICP-MS gave similar concentrations of total arsenic in a tuna fish sample, which were 3.49±0.08 µg g-1 and 3.56±0.014 
µg g-1, respectively. Meanwhile, the result from GF-AAS measurements was about a half of the others. The results of this 
research can be used as a reference for determination of total arsenic in tuna fish samples. 
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1. Introduction 
 Seafoods are good source of proteins, omega-3 fatty acid, vitamin D, vitamin B12, selenium, and iodine
1. A wide 
range of arsenic compounds, including inorganic arsenics and organic arsenics have been reported in marine 
organisms. Table 1 show a selection of some of the chemical forms of arsenic typically found in seafoods. Tuna fish 
is the second biggest Indonesian fishery product export, after shrimp, contributing 14% (about USD 352 millions) of 
total export value in 20092. Toxicity of arsenic is highly depending on its chemical structure of the species, 
inorganic arsenics is more toxic than organic arsenics.  Inorganic arsenic such as As(III) is more toxic than  As(V); 
the LD50 of As(III) is 34.5 mg kg
-1, and the LD50 of As(V) is 41 mg kg
-1. Arsenobetain (AB) is less toxic compared 
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to other arsenic species; the LD50 for AB is more than 10.000 mg kg
-1 (Shiomi et al., 1994). Determination of total 
arsenic was strongly influenced by the properties of the species. In a sample of tuna fish, the total arsenic 
concentration mostly (95%) comes from organic arsenic, arsenobetain (AB)3,4.  
 
Table 1.  Chemical form of arsenic in seafood . 
Acronym Arsenic compounds Formula 
As (V) Arsenate As(O-)3 
As (III) Arsenite O=As(O-)3 
MA Methylarsonate CH3AsO(O-)2 
DMA Dimethylarsinate (CH3)2AsO(O-) 
TMAO Trimethylarsin oxide (CH3)3AsO 
TETRA Tetramethylarsonium ion (CH3)4As+ 
AB Arsenobetain (CH3)3As+ CH2COO- 
TMAP Trimethylarsoniopropionate (CH3)3As+ CH2CH2COO- 
AC Arsenocholine (CH3)3As+ CH2CH2O- 
DMAA Dimethylarsinoylacetate (CH3)2(O)As+ CH2COO- 
DMAP Dimethylarsinoylpropionate (CH3)2(O)As+ CH2CH2COO- 
Nomenclature is as proposed by Francesconi and Kuehnelt5 
 
The AB molecule is difficult to decompose and may remain intact in a situation where most other organic 
molecules have been decomposed. Generally, available commercial microwave digestion systems seldom exceed 
temperature higher than 2600C but AB will remain undigested at temperatures less than 3000C in atmospheric 
pressure. However, AB digestion can be achieved by using specialized closed vessels with high pressure at 2500C. 
Sample preparation plays an important role in the analysis, as it is responsible for hidden course of error. This paper 
presents a comparative description of different methods of determination of total arsenic in tuna fish samples: HG-
QFAAS, GF-AAS and ICP-MS. ICP-MS with acid digestion using microwave with high temperature and pressure 
was used as a standard method for total arsenic measurement3,4. Four sample preparation methods (ADMC, DK-TP, 
DK-P1 and DK-P2) based on dry ashing developed in previous researches were used for measurement using HG-
QFAAS6,7,8,9, and one preparation method (SE) was used for measurement using GF-AAS. The limit of detections 
by different methods were also compared.  The accuracy of the procedures developed for determination of total 
arsenic in tuna fish samples were confirmed by the analysis of certified reference materials (CRMs) DORM-2 and 
DORM-3 (NRCC, 2003; 2007)10,11. 
 
2. Experimental 
2.1. Standards and reagents 
 Water used in this study was Millipore water (18,2 MΩ cm, Millipore). The following commercial products were 
used: nitric acid, magnesium oxide, magmesium  nitrate, sodium borohydride, sodium hydroxide, potassium iodide, 
ascorbic acid, hydrochloric acid, potassium perchlorate from E-Merck, Germany, stock solutions containing 1000 
mg As L-1 (G.T. Baker), malonic acid (Fluka), and a homemade arsenobetaine standard (a synthesis result). 
 
2.2. Certified reference material and samples 
 The CRMs used in this study were DORM-2 and DORM-3 (National Research Council Canada).  The tuna fish 
sample was collected from Muara Baru, Jakarta Bay.  
 
2.3. Instrumentation 
 Microwave digestions and extraction were performed with an Ultraclave III (MLS, GmbH, Leutkich, Germany). 
Sonication of the extracts was done with a Transonic T700/H (Elma Hans Schmidbauer GmbH and Co., KG, 
Singen, Germany) sonication bath. Centrifugation was performed with a Rotina 420R centrifuge (andreas Hettic 
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GmbH and Co. Tuttlingen, Germany).  
ICPMS measurements. The samples which were prepared using Ultraclave III microwave, and were measured using 
ICP-MS Agilent 7500 cs series. RF plasma power was 1500W, and  the carrier gas flow rate was 0.82 L min-1.  
HG-QFAAS measurements. A Hitachi hydride system HFS-3 coupled with a Hitachi Zeeman Z-500 AAS was used, 
and total arsenic was detected at 193.7 nm. A 1% sodium borohydride (NaBH4) in 0.4% NaOH solution was used as 
a reducing agent. The reaction time was 10 seconds through quartz cell and argon gas was used as a carrier gas. 
GF-AAS measurements. A Varian GTA 120 and a Varian AA2402 Zeeman  (Varian, Australia), a modifier of 2000 
ppm nickel, injection volume of 10 µL, and a support gas of argon were used in this study.  The temperature 
program can be found in Table 2.  
 
Table 2. Temperature program for GF-AAS 
Step Temp (°C) Time (sec) Gas Flow (L/min) Gas type Read command 
1 85 5 3.0 Normal No 
2 95 40 3.0 Normal No 
3 120 10 3.0 Normal No 
4 1400 5 3.0 Normal No 
5 1400 1 3.0 Normal No 
6 1400 2 0 Normal No 
7 2600 0,6 0 Normal Yes 
8 2600 2 0 Normal Yes 
9 2600 2 3.0 Normal No 
 
2.4. Sample preparation 
 The tuna muscle (Thunnus sp.) was minced, homogenized, and freeze-dried for 24 hours. Liquid nitrogen was 
added to the dried samples, and grinded using an agate mortar. The powdered samples were shieved (100 mesh) then 
packed in dark glass bottles of 10 g lots. 
 
2.5. Determination of total arsenic 
 Each sample was analysed for total arsenic content in duplicate. About 50-500 mg of dried samples were 
weighed with a precision of 0.1 mg.  
 
2.6. Acid digestion using microwave oven conventional (ADMC) 
 A 2 mL of HNO3 was added to 500 mg dry sample in a Teflon vessel, and left overnight. The vessel was put into 
a microwave oven for 10 minutes at 200o C, cooled, added 3 mL of HNO3 and 1 mL of H2O2, then put back into the 
microwave oven for another 10 minutes at 200o C. After cooling, the sample was transferred from the Teflon vessel 
into a conical flask, added 1 mL of 2.5 N H2SO4, 5 mL of 5% K2S2O8, and boiled for 30-40 minutes until the 
solution volume was approximately 10 mL. This solution was transferred into a 50 mL volumetric flask, added 5 mL 
HCl and 5 mL of 10% KI and 0.1N HNO3 was added to a final volume of 50 mL. This solution was ready to be 
measured by HG-QFAAS. 
 
2.7. Dry ashing digestion (DK) 
 A modified method of previous researches was used in this study6,7,8,9. A slurry consisting of 50 mL of water, 3 g 
of Mg(NO3)2 and 5.0 g of MgO was added to a freeze dried tuna fish sample. A 50 mg of sample portion was 
weighed and mixed with 1.5 mL of the slurry in a crucible and dried for 15 hours at 80oC, followed by 1 hour 
heating at 200oC, 1 hour at 300oC and 8 hours at 500oC in a muffle furnace. After cooling, a three steps technique 
was applied to the samples, without reducing solution (DK-TP), followed with reduction by adding 10 mL of 
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mixture solution of 2M HCl:15% KI:15% ascorbic acid of 5:1:1 (DK-P1) and  5:1:2 v/v/v (DK-P2), then warmed 
for 10 minutes at 40-50oC.  The solution was put into a polypropylene tube and weighed to 25 g by adding 1.5% 
HCl. The measurement was conducted by HG-QFAAS12. A linear calibration curve of absorbance versus 
concentration of arsenic (III) was prepared by weight and the concentration range was 0.5 – 7.0 ng g-1 in 1.5 N HCl. 
The method was validated using the CRM DORM-2 (dogfish muscle tissue certified [As] = 18.0±1.1 µg g-1 found 
[As] 17.49±1.00 µg g-1, n=3) and percent recovery. 
 
2.8. Microwave oven with high pressure (ADMU) 
 A 100 mg sample, 2 mL of HNO3 and 2 mL of water were transferred into 12 mL quartz tubes. The tubes were 
placed in Teflon rack and covered with Teflon caps, the rack was mounted into a microwave system. The holding 
vessel was filled with 300 g of water and 5 g of H2SO4; the systems was closed and loaded with argon to 4x10
5 Pa 
and the mixture was heated for 30 minutes at 250oC13. After mineralization, the samples were diluted to 10 g with 
water in polypropilene tubes before analysis with ICP-MS. The method was validated using the analysis of the 
DORM-2 (dogfish muscle tissue certificate [As] = 18.0±1.1 µg g-1 found [As] 17.7±0.08 µg g-1, n=3). 
2.9. Solvent extraction (SE) 
 A 0.2 g sample was weighed and put into a 15 mL tube with a screw top, sonicated at room temperature for 15 
minutes and centrifuged at 4000 rpm for 15 minutes. These steps were repeated for 5 times using different solvents 
including water, methanol, acetone, water at 90°C, 0.1 M TFA at 90°C, and TFA microwave. The supernatant of 
each extract was collected14. Final pellet was collected and dried in an oven at 70°C overnight. The dry pellets were 
digested in nitric acid using a Microwave digester Ultraclave III. Each supernatant was measured by GF-AAS as 
total arsenic. The method was validated using the analysis of DORM-2 (dogfish muscle tissue certificate [As] = 
18.0±1.1 µg g-1 found [As] 19.68±1.16 µg g-1, n=3).  
 
 
2. Results And Disscussion 
 
2.1. Arsenic speciation using HPLC-ICPMS 
 
 HPLC methods have been reported for arsenic speciation analysis, and separations based on an ion-exchange 
appear to be more robust and less incfluenced by matrix. The separation method using HPLC-ICPMS was 
developed by Raber et al. (2000)13. A Hamilton PRPX-100 column with malonic acid at pH 5.6 as mobile phase was 
used as an anion exchange column, whereas Chrompack column with pyridine at pH 2.3 as mobile phase was used 
as cation exchange column. The organoarsenic species arsenobetain was found very high (>95%) in tuna fish 
samples, which was similar to the previous studies12,15,16,17,18,19,20.  
 
2.2. HG-QF-AAS measurement. 
  
 The concentration range was 0 - 7.0 ng g-1 with a linear equation of y = 0.0024x + 0.0006 and a linear coefficient 
(r) of 0.998. The dynamic range was 14 and was found to be wide enough for trace analysis (concentrations of ng g-
1). The coefficient correlation calculated from the calibration curve was found to be almost 1. The LOD and LOQ 
were measured from 6 repeated blank solutions, which were submitted to the whole experimental procedure (DK-
P2) and the concentration was calculated by 3 times standard deviation and 10 times standard deviation, 
respectively. The sample mass and the dilution factor involved in the methodology are taken into account. The LOD 
value was found to be 0.15 ng g-1, while LOQ value was 0.46 ng g-1. The repeatability value at the sample 
concentration level of 3.26 µg g-1 was 4.0%. Relative standard deviation (RSD) was calculated from standard 
deviation divided by the average concentration, multiplied by 100%. The CV Horwitz calculated from 2C-0.1505, 
where C is fraction concentration of the analyte (3.26 µg g-1 = 0.00000326), was 13.39. The Horwitz Ratio (HorRat) 
was calculated from the RSD divided by the Horwitz value; the accepted HorRat value was 0.3-1.3. In this research, 
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the HorRat value was 0.3.  For trueness study, CRM DORM-2 was analysed using the DK-P2 sample preparation 
method. The certified value for arsenic was 18.0 µg g-1 ± 1.10 µg g-1. The CRM DORM-2 obtained from the above-
mentioned method was 17.49 µg g-1 ± 1.00 µg g-1. The recovery of standard added to the sample was found to be 
86.52%. Recovery was calculated from final concentration minus sample concentration divided by standard 
concentration and multiplied by 100%. This value was acceptable by AOAC and Pharmacopeia for low 
concentrations (80-115%).  
 
2.3. ICP-MS measurement. 
  
 Concentration range for this measurement was found to be 0-100 ng g-1, the linear equation was y = 293 x. The 
dynamic range was 200 and the correlation coefficient was 0.999. the LOD and the LOQ were 0.067 ng g-1 and 
0.195 ng g-1, respectively. The RSD value was 3.83%, the CV Horwitz was 13.36 and the HorRat value was 0.3. The 
accuracy was measured by the CRM and percent recovery, using the CRM DORM-2 and the DORM-3. Percent 
recovery was found to be 100.90%, and the CRM value of the DORM-2 and the DORM-3 were 17.7 µg g-1 ± 0.08 
µg g-1 and  6.77 µg g-1 ± 0.14µg g-1, respectively. The certificate value of the CRM DORM-2 and the DORM-3 were 
18.0 µg g-1 ± 1.10 µg g-1 and 6.88 µg g-1 ± 0.30 µg g-1, respectively. 
 
2.4. GF-AAS measurement. 
 
 Concentration range for this measurement was found to be 0-100 ng g-1, the linear equation was y = 0.002 x + 
0.0038. The dynamic range was 100, and the correlation coefficient was 0.9992. The LOD and the LOQ was 3.8 ng 
g-1 and 11.2 ng g-1, respectively. The measurement of total arsenic was not recommended for concentrations below 
10 ng g-1. The RSD value was 5.10%, the CV Horwitz was 14.33 and the HorRat value was 0.35. The accuracy was 
measured by the CRM and percent recovery, using the CRM DORM-2 was found to be 78.85%, and the CRM value 
of the DORM-2 was 19.68 µg g-1 ± 1.16 µg g-1. The certificate value of the CRM DORM-2 was 18.0 µg g-1 ± 1.10 
µg g-1. Validation method was developed from Eurachem guide (Eurachem Guide, 1998)21, and the results were 
shown in Table 3 below. ICP-MS measurements with acid microwave digestion (AMDU) were used as a standard 
measurement. Table 4 show the total arsenic result sfrom different sample preparations. Measurement of total 
arsenic from tuna fish samples using HG-QFAAS measurements needs special sample preparation techniques. 
Preparation using conventional microwave digestion was found to be not recommended. Total arsenic concentration 
using dry acid sample preparation increased significantly.  
 
            Table 3. Validation results for total arsenic 
Parameter measured HG-QFAAS ICP-MS GF-AAS 
Concentration range 0 - 7 ng g-1 0 – 100 ng g-1 0 – 100 ng g-1 
Linear equation y = 0.0024 x + 0.0006 y = 293x y = 0.002 x + 0.0038 
Correlation coeficient (r) 0.9980 0.9999 0.9992 
LOD (n=6) 0.15 ng g-1 0.067 ng g-1 3.8  ng g-1 
LOQ (n=6) 0.46 ng g-1 0.195 ng g-1 11.2  ng g-1 
RSD 4.04% 3.83% 5.10% 
Horwitz  13.39 13.36 14.33 
Horwitz ratio (HorRat) 0.30 0.30 0.35 
Recovery 86.52% 100.90% 78.85% 
CRM : 
DORM-2 (18.0±1.10 µg g-1) 
DORM-3 (6.88±0.30 µg g-1) 
 
17.49±1.00 µg g-1 
(not reported) 
 
17.7 ± 0.08µg g-1 
6.77 ± 0.14µg g-1 
 
19.68 ± 1.16 µg g-1 
(not reported) 
 
But the AB species in the tuna fish sample was still not decomposed completely, this result was found to be far from 
ICPMS results. From this study it was found that acid digestion followed by reducing solution ratio of 5:1:2 v/v 
(DK-P2) gave accurate and precision results compared to ICP-MS. However, the measurement using GF-AAS was 
found to be higher in RSD. The GF-AAS measurement was validated using the CRM DORM-2. The total arsenic 
concentration was found to be 19.68 ± 1.16 µg g-1, while the certified value was 18.0±1.10 µg g-1.  
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Table 4.  Total arsenic concentration of tuna fish sample resulted from different sample preparations and measurements. 
Code  ICPMS HG-QF-AAS GF-AAS 
 ADMU ADMC DK-TP DK-P1 DK-P2 Extraction 
(µg 
mL-1) 
% 
RSD 
(µg mL-1) % 
RSD 
(µg mL-1) % 
RSD 
(µg mL-1) % 
RSD 
(µg mL-1) % 
RSD 
(µg mL-1) % 
RSD 
1 
3.60±
0.30 8.41 0.08±0.01 6.93 1.92±0.15 7.97 3.14±0.31 9.88 3.35±0.20 5.96 
3.87±0.46 12.00 
2 
3.37±
0.24 
7.09 0.10±0.01 11.95 1.52±0.15 9.93 3.17±0.17 5.49 3.41±0.20 5.76 4.16±0.35 8.41 
3 
3.93±
0.07 1.66 0.08±0.01 6.93 1.70±0.22 12.76 2.95±0.14 4.85 3.09±0.19 6.12 
3.52±0.27 7.63 
Average 
3.63±
0.20 
5.72 0.09±0.01 8.60 1.71±0.17 10.22 3.08±0.21 6.74 3.28±0.20 5.95 
3.85±0.36 9.35 
 
 
Conclussions 
Sample preparation techniques for determination of total arsenic paly an important role in marine samples such 
as tuna fish. Dry ashing method using a slurry of MgO and Mg(NO3)2 mixture was found to be suitable for major 
arsenic species AB in tuna fish samples. The slurry was dried for 15 hours at 80oC, followed by 1 hour at 200oC, 1 
hour at 300oC and 8 hours at 500oC in a muffle furnace. After cooling, the ash was diluted using 6 N HCl and 
followed by reduction by adding 10 mL mixture solution of 2M HCl:15% KI:15% ascorbic acid of 5:1:2 v/v/v (DK-
P2), then warming for 10 minutes at 40-50oC. The solution was measured by HG-QFAAS. The total arsenic results 
was confirmed using the CRM DORM-2. HG-QF-AAS was found to be sensitive for determination of total arsenic 
in tuna fish samples, whereas GF-AAS was found to be not suitable for total arsenic concentrations below 10 ppb. 
The HG-QFAAS method can be used as a reference method for determination of total arsenic in tuna fish samples 
with dry ashing sample preparation techniques.  
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